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Introduction 

Thismoiliife is thE fourth in a aeries of Extension n^teria]& 
destgnciJ to provide Estension agenU, CcrtJficiJ Crop AJviscrs 
(CCAsf. CDnsutELints. and producers with pertinent infomiation 
on nutrient management issues. To makE the learning 'active/ 
and to possibly provide creditB to Certified Crop Advisers, we 
have incfuJed questions at the back of this module. In addition, 
realizing that there are many other good information sources 
including previously developed E?dens]on materiatsn books, web 
sites, and professionaJs in the field, we have p^o^^dcdalist of 
additionzd resources and contacts for thojewantirg more in-depth 
information about phosphorus. 

Objerlives 

LUnderstandtlie various soil forms of phosphorus 

!J. Recognize how soil and diniate properties affect phosphorus 
cydirgin soil 

3.RecGgnize how cropping systems affect phosphorus management 

4. Be able to niake a phosphorus fertilizer recommendation based 
onasoij test repott 

S.RecogriEO theadvantc^esand disa[lvnntages of different 
phosphorus fertilizers 
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Phoiphonji fP) lertlliztLr It UK:und 

Ohfy to nltrogtn <Nf In Iht: Jimuunt 
JipplLiLLJ inruiillv lotrupldrul mMoalanj. 
It lb re4|ULrtKl tor mlanypliinl furu:tLun3. 
IncJuJangynyrS" trcanlfcranJ jruban 
iyntht^sla. UnJiki^MlvrtLll^xwhLiihii 
nuilbj Enjru virtually unllmiti^damuunti 
uf N^gas intht^ iilmLjiphtn^, LumnitrriiitLl 
P ^rtlJijSJ^rh minLiilfriJtTiii firutt itipp]y 
ofPufedtpjJiti. Cumfanid tu moit 
pjrt) uE Ihc iiuunCry. Ihe UniLJunt vi P In 
MLmUnii anJ WyiJtnlr^ sull* Li luw Many 
^jth in tluu ^Eitiri itiLM' »ignilii^LjntL:tijp 
rtJiFXjn^^uP^rtilL^jtLun. 
Cum bi r^d Vj ilh giiM'] ng 
trtviiunmtntil CunCtrns anJ r^E^hC^UnS. 
IT 15 u^iui for agncullurdi proiirbALiinaU 
lo muni lulh- unJi^t^btinJ the trfftL!! tli^t 
v^ii^bi miiniigL^Fniint prUCtiLti hdvt un 
PaViiLliibLhU'JinJmi-hvrntint. ITiibl^ 
a[:conipl]!iht:L] ]n thiA muluk^ b)- 

IfdtiCribjngthtfLitturithdtLifiijctP 
Oilingan miJsi 

3)eipl[ijnjngtbir LiitMntrsiufPsLHl 

JlifcrnunilrahnfihrjA'tOniakt Pfc'rtlllfflr 

miumratrnJatiunh hasistl on tml tti^t 
rC-^iJts: and 

4f iIik:u^N]n^pru-i<Lndcon9 ofVdrluu&P 
fbjrnLl2£r nuLnii^niLintpraLitiiifi. 



Table 1. Definitioiis oi eatli P ioiia. 

J>HU^FHORIIS FOHH EvUtIf noUOOfl EORHLU 
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tlail %]ijhh1y biiLLnmi: i^VluIuM 



MjRiatr 

Calcium ph^Jt^piiuL!^ 
Imn phc4ph;iU? 






IfL^JLiLVclV if1|4uluhlu 



OrgViitiP 






P&o&pliDrns ryrliii 

PhtjsphurutdantsXLHin tht: soil ai 
phuaphiilE (HP0/utH.PU_1. surbtti 
P. Lw^nli: P. or]n P mintrriils liable 1) 
PhuSphiti: in thm only (ormthal pldntiCin 
tHkb! Lip, )vl in nR>i[<^L4:LJtiir4il mjiIs thirnf 
hi\d^^ Ihiin I m^L (I pptnl uEphusphatti in 
SOlnttun, v^hich repr^^iunti mix'h Iti^ than 
IftofthLitotil wjll P LirganK KwhitrhiJi 
P buunJ Jn urgjnLLi matter- hii btitn tijLirti 
lurvpnr^tnltKt^-irt^nabcJLit !!5'K]:inde5'^t] 
uftoCil P m surfjLL kJili %^'lth minunsl 
P (such as LTJiliTiLim phusphatL mintrriils) 
anJ iurhtii K n^pn^^jjnting thii rtirniilmkr 
{Brady. 11f84). 

Oi^nlL! P LlLSc:n^a:u^i (lulckly with suU 
[ItSpth. piarjIltLkngtki^i^ascs inur^nic 
mattEi". Tht pruci^sttt that control tht: 
dmountordvi^lliiblEiP in the sculim: 
plant uptdkt:, sorntionrdtburptKjn, 
mlni^TdlLlZztLOn, Immutiki^tLun, 
prti^ipltibtjn, dissulution. dnJ erciUcffi 
{Fiflure I}. 



Fuxrbon 

Ui^spjtt! luw i^unD^ntmtluns uT 
phusphfltt! tn iuTi xjtutiun, ptanln^an 
Qkt! up subsliLntliil amounl^ 'jf P dut: Eu 
P dt iurptiLin and disiulutiun iJjsnusStid 
htlmvl, fijIliA^^iiJ by P JJffusiuntutht! 
plant ruuH ruth and Ellil. lyyTJ.By 
taking up largi=! amuunt&ufP, a itrui^ 
\llffuSion gj-iiLljidnt' ]h CrtaKd |5tE PJutrlKut 
Miiniietmi^nt Mudult :!, 
Pfiini MutritiOn ihul Si?il 
fiirtilitfi ) whic h raiTtt: i 
P tOirfiirdlhipliintroLa 
iitmLth hdght;f in^ti^b 
tlian%v;ilEr J3 rauvingvia 
tidnipirJilion. P upUtkti- 
kyi si^ftrcl^ilJignLlulturjll 
Croph r^n^b A-Om jbduL 
:;[Hul3U IbP.U^i: rtr 
^■iTdr, allhuufib Iheii 
amuunli litv ilt^ptnit^nt 
un yltld (Tdblt !i). 
CuninH:r4!l:il P fi^rtiliSO^M 
hj3\'i: hiiluriCiillv btt^n 
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t!Xprt*ied ill the LUCiJii form (P/J^jmlhtr 
than IhL d^munUJ &jfm (P), tfKnfijre P 
vikx-Miiv JisJltipniSitiJalP^U^. Ulif^lht 
rjtjrj -jf their muti^cubr ^^zighli. ^P^U^ 
Lin \x COnwrtfid lu %P bj" imJlLplvLrg 
by^^.-U(^^Jp='^t]P^O^^0.44) TutilimaRr 
P^O^ upUfct for a specifk' fkltl, ura Cin 
tli^idf^ octujl vhtrlil b^' th^)'itrld Ln 'l^ibli^ 
^ and IhtLnmulhplvthkn:: suit bj'Eht^ 
P.O^uptfJuL given. Thln'K an E^bbrubL 
ofF ftrtiliatr Ihiil i^ being rtroLft-rt! by 
tht ciTup dnJ raay hiilpinJi^EiirnumngP 
ftrtJiZiilitjn rtclumniiintliiliuni. 

Araun: t^i-iiit mi^thutl lui^sUnuitt P 
Ttrauviil J3 1LJh;^^t P iindlj^ZtJ jnthtr plslnt 
bbhue llul w-ill bt nirauv-eJ friim the fklJ 
and multiply Ihir rtsuU b^ Jry matter 
ywrJil n^muwiJ The aniuuntuEP uplukirii 
afftiLiL-J b^-thtJiiniuuntufiiVL3LlL3bL^Pm the 
mil; <i i|uan[Lty thai ii izuntruULd byu1hi?r 
pruCt^akS invuliingP thit<irtj di^'ulmiL 
btlw". 



SiannioM/lfe^D^naK 

SurptLun L"t:ltn tjtht: hlntlLngOt 
PluunLl iroitides JEe^^nu^ phuiphate 
hii: d n^gatLvir chdr;^ itas dtIrd£:leJ trk 
and biiidh itfunglylo puaitivtily c:hirgi;d 
m^nkirak, sui^hdhJ^lLiminum ^^M^nJ 
it-un^Tdf h_ltlmXidE^5dnJL^LdtL^. Rt:C^]l 
Ihistrustisa tiTHL of LrGnhyilriffldt. Like 
olhtr joil parbcltrs, thtit num^rdti bei:cffBt 
mcfft pOMtj\tly L^hiirgcd dl liMtr pH: 
thcn^Hjnj, triut^ phu^plult h ujrtuJ nt 
liAver pH (Figure ::KPLnLTti^AturtjdiuLli 
gt:nt^r[allyL"4in ^jrbmurt P |£l:i1uii! ihty 
haw niurv iurfaCir andii In tht ciilciuvuLii 
kills ufMunUind UnJ VV^njming, iurptiun 
Is likely rKittii LmpurUint til pt^ciplUitiun 
(JlSi:LitieJ I^Elti itizuntruLllngaViilLLible P 
leveli, 

^^urptLon 11 dtj{!rva^d, 4ind hi^rWCr 
aviiiliible P kvvh [irtr inctni^i^J. ^'hen thu 
soil solution dtjnbiLnHhiglilEiwIacjfuthElr 
anions lu^b as bk!irbunale. [larboni^E^r 
htlmater ^ulGsle, ormolybdati thatcumptlE 
Ibt turptJun'Klteis.' In aJi^jtiOn, dJshulwJ 
uT^nltl (!unipuundh Jj^iu^lated with 
uT^nltl mitleriianinilnrajt: P aviLlibLl]t\' 
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Figim 1. Phosphorus cyci^^ 



fable 2. P npfike amoetf in harvesled 
poitioni jQi selemd agiknltmal uous, 
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irsorbedP'part 
da mineral? 

jOfc-btStl 1^ bijunj unh tu 
Iht: iHjEi]t[tijE^niJL~k:fals, 
buEtkjti tu^lKCunHL put 
irfthii mltTtr-il iliiLlf. Thfr 

ih i:d|lt^iL tinzLiplttitiun itnU 



lurpliun illy Si Lffiruijtrnfi pK/.y 
oxjjts, In aiJUltLun, is mure P 
fertiliser Ts iuUkrJ, P iurplaun 
ilbriCidn ttgintu bvcunit; 
iittirat^ti, whith LmritaiLiJi th: 
rtCLAtiry. ur H uw Kftii!Lt[ni:y. 
of dtltlfciti R ;\[lhuLj^ Fe/Al 
uxjdtia tlunca represent a 
larfit fracl3':jn erf Munbinii 
jnd WyonungiOLlh. IhiyaKt: 
fconn^ uffrt unly miiidratl thiit 
i:am' i hubslantlitl anitJLint uf 
pOiitivechiigeatpHltivKls 
ti'p]iJa1 intliih re^un dnJ 
thui tiin iurb lir^ amuuntis 
ufiJjiMjIvi^JP whLi.hi& 
ndgiliwlychdigtij Surphun 
ufPgtJHTjill^ jniirtdStiS ^'|[h 
incriTjaeiJ tym[>^ returns in P 
fertiLlz.eiI^th. but tht:re ls nu ^LirT^kliun 
^ilh ItmptratufV an mils thai haw nut had 
PiuJJeJ IHivllntrtflL. 1999}. Pdtkjrptiun 
Ithu uppjiilt! of iurpDonf gtnuriiJIi' 
imrrei^ui Lii sulullunPili^CrM^S.ijrunJtir 
fLuJud OffulLtLuni ilui^ tudi^siJutLonulFc 
h^tLrQUdi^j 3dlL uxitLtL^, Itut rt^J^dJt: NCH-tt:d P. 



P miniiriiliZJbOniH the prm^eal 
where uruanw^ P btconuiJCun^iirltiL] to 
phusphiiltr diUKganje P dei^umpoitir 
s^rwl iTTin^oMLiZ^hOn 1^ th^ priu^^i 

^'hcr^ nviiiltLblL! P hi^Lumtr^ (md Lip Jn 



Table 3. SeledFd calcjiun phoiphalei. 
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Figure 2^ Phosphalc sorplion to an 

iroQ osldQ. Adapted from Havliu et 

al. 11999). 

nilc:rcijT'^ruhTm:t:tlL In tht: LTmled St^li^K. 
dnnual amuujTCa ofPminklrabiiitiun Kive 
tusElnlOLinLJ tOriir^fFum4l3j:;:r lbP,0/ 
dtl, repnisElntinga aignifkdnt purtiOnof 
cirOpP Lipbike. Tlitiat: vjIlh^s are at^ra^l 
from [i1)-H" vEbir atuditls and wuuld bt: 
tsiLpecl^dbiicuminUy bilE^KhdiAilolLAvidr 
oiginLL! matEi:rltL%^hLrLmoitculhv^led 
hjlli Mint^tnliiil]tjn iji;^:tirJ trwjstnfadtly 
whiinthij C.P^LltLuJiJt!SJ.thiln:;^H^■l.flJ>l 
jrnmubillKiliunix^^Liriv^ht^nthflt ratio ii 
erMttir than 300:1 iHivitntlil.. iWftLFor 
compirTsonpurruiei.lheL'iPriiiculljr bti^f 
cattlt miinmv ix appriftimattly IOUlI iSt, 
JeanH 1W7K iuggtistinethfltdtieunipoiLr^ 
manuri! ih^iuld n^ini^naliZt! (n^L^ii^l P 
rdlht^r [hin imtriublli^ P. MlntraJTaatTon 
ianJ immubiliialiunuf P are aEfk^trlird by 
Itrnperatimi. molstufc^. atiratmn, dndpH 
]n ^[radarK^yh ah M niintralE^Eiiinhind 
immubibz^itiorL btL^uhEi Ehdy invoht tht 
kinhL microbial prcJtietSEifi iseetJutrktint 
ManageminiHiLxlijlt:3,jVj/TO£WJjQrtVm^, 

PmapmnoN/DissoiHioN 

Availably P ^^on^trnlriliuni are largtly 
i^unlpjlltid by the iulub[l|[yuf P m] nigral J 
thitart duminati^d byCtikLum phij^plulti 
l^'a-Pj in HLiLLlriil tj high pH Suils t^TSJiJiil 
ufMuntiniiind W'i'uniing^jl]!, and by 
Al and iV phusphat^s (Al-P and Fe-PJ 
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Lit pHleveUklcThidboLrtfi^. There Lire 

numenJLii fijmiiuftiliiium phuiphaWi 
In kjil, rdnging ftrjm the very i^jlublt 
miJnutakjLim phuiphi&r <MCP) lulhi: wrj' 
iniulublb! tluunipiitiEir 1'RLb]e3J, 

AfttirlvrllliiingwIthPlnaneiJtrafijr 
highpH auil. MCP will Ibmi first. fdlcM-i^tl 
bi'Ch: ether calCLuni phuiphtidii iniirdilr 
frum lugli lolow solutukly. Thrti tiFm: fjr 
E^^h mintr^l Hn lUrFn 1:1 tiJ]lhlvikpt:LiJL:L~Ll 
On ttmpt^rdturtr foreniimple iiCP 
fijrmiitLun has betn ruund bj bt fciur-Md 
f-iJterilfta*Fc:omraretlto5[rr. Ifiijoll 
hhft A nijxiuftr ufthe vdnoiu Cc^-V bulltLs. 
Iht murt ^ubit: rbrmswill dinhjlvt mo*^ 
niatEilyiis phuiptudi kvi^l^ In soluQOn 
iji=!i!reah^ iJijrLng ihi griM'ing h^dsun. 

RtMrnh 1^* Sjund that if CP will 
lOiep S4jLuble P It^vtJi atappruiCiniLjEirlv 
l.S me/l orppmlatpH 7-!if-whiireaJ 
Tl'PwillnuintiLlnsulubkPLewliLit 
QbuLit U J ms^ rLinJl^y. 197^1. Kumti 
n:h:dn:hhailiji.inilth:itP|lmiti wheat 
gru^-lhiil ^jLubk P kw\i teLuw U.UJ 
mS^ iHavlmctiaL iWfltf: therefjn:. a 
Kii] LoutJ hivb! high levtiti oE TCP HA, 
orFA. Jind Jblllimjtplinlgrart'thLluelLj 
|Ji:kof^vall5bkP. flctietsingtlitrhemuTE 
inSruluHE lUrnisofP thistartiiitfeirlyhleh 
Itwli in meat MT and \K\ sull?i^tjuld bt 
atCvjnti^uL^i. Jjlthuughthjs^'uuld rtqiurt 
Ei[thtrtiMtringt!a Or pHlt:\tl5. which 
1 K v^Ri ili/CiCLilt in Cii1CJin:Lnj& 
ols. DtiCrt^^^irgpl-I^^LiltLEiike 
Uf& 4|uant^hi^5 ufti^^d, of acid- ^ 

prOiluClngiL^bhbknCtls huch^is ^ 

tilirnjt^ntdl S, Fi;'-^, ur nianun^. 

Aimiiy bmrxixclej, HJtJis^-lth 
highLTltitls ufcaJtiumnarhonalt 
lIlrht) wjII bL up triunr P Jut tu 
prvLLpitatLun uE Oa-phukphab:!, 
and thus Iui^lt thk^ suil It&l P 
rFiguft i). Nutt Ihfll Ihc lame 
Urge jJdllLun uf P ( I U lb P.O^l*) 
InL-ma^i^d Ihe Olhrn ^Ll tt^st nriutt 
bj'iibuut IJ ppmiil l^N Ijntf- 
but only H ppni zit 125^\ linti:. 
ITierelUrt. hightr jmuunts ofP 
lertLli^tLr&drt netidtsd in suikvjLth 
high niniounta of lini^i toorfsttthfi 
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Figure 3« The effect of soiS Lime concentolioD 
on OLsen P tc^5t Level. Addled from IVc^termann 
(1992). 



titrtiCEufLdiLiLuni prujipfutii prtrciLpitjjmin. 
Limt^ C0nCt[nUaUun\ FTi^y bt; tj^>!d^\i 

liigli In ^nu: iiirlact buils thuthav^ betrn 
tirCxli^dorldvL^ltd ftjr]rrigatHjn purpOiei, 
t: if puling sub-^LirlaCiL cldlLliimiius huru^c^l. 
Al phOiphate^and Ft: phuhphiilehJirii 
the prtrdLjnjjndnl P miiHTjIs jn imls with 
pEIIb!\4:Js bulu^ahuutA.^^lHaviLn^tLi]., 
lyfliJ). Thewjlubdit>'irfthi.-itniinur:ih 
dt^Crv^^i at JOhVtrr pH, dln^ctlyupfuutc: 
ufthb! su|ub|lit>'^C{ikluni phosphaliis. 
Thenrlore, P ix mii^ltiv-aLldbk anjuml 
pHb^rbei:iiuiL!4itlLPhi-L!rpH li^ivls.P 
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Figure 4. The effect of soU pU on P retention and 
avaihibiLily. Frooi HavLin et al. U9d9). 
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QM'2 

HBCbmoreP 
U applied to a 
certain field eatb 
year Iban lemoved 
by a parm olai 
crop, >el tbe P 
tesllevelnlay 
Low. Wbere'i tbe P 
going? 

ThiidtkkdPii 

Is tx^ing i<jt+etL stroc^jr 
tu thi; &ln| Wlthliargi: 

f^nntia) ^LpplliidlliijniHjf 
RthtsollUritPsh^jiiU 

tWnh4iillylncj"i:dit! uwr 
tifK, allhuigh [ipiTlying 
thePftrtili^rwilhtht 

uikla that the iivup i:aji ust- 
IL IniiilJitlun. adti^r^ 
pf jcUl:^ i thdt 1 iv: r^^uL 
or^^ruc miitti^r ^hc^uld 
pf rjducf mtw minJfcTiliaiJ 

iKitR 



nittintTOn ii high Jur tu Al-P 
and Ptr-P prei^ipllatiun, and 
Qt highk^r pK J^^vt^ls, Li-P 
mTntirnls preclpiQle (Figure 
4 1. Btji^Li»L! moil ioth In 

pHltivKladoterloa.U, wt 
ELKpttitPiiiailisbiliti'lobe 
TtUtiv'iily tiM". In feclr tostd 
on rtj^ulEs frurn U.5 milllOQ 
KOll 5anipFtrhc:dlL:citti4lin47 
Mates from Fdll :!IHH)^prlng 
:!flfll.MQnbinzi had tht: 
fiLSL^jnd lijglitrhl ptrCEnlage 
ivy^jl of soil itimpl^^s lEshng 
tLther midiura or Ilm'bt 
maul &iitP(PPI. :;[HHl. 
Wi^mLigwai l:;" wlthSH^h 
tt! Sting mt^tlLLimCir lowtr 
.Mabdma had thu hight-it 
ptiruenL^ \7y%], liktrlyilw 
tu |Lw iuTl pH luwJji t]^l 
ciList! Ptu preCtpti&^'ith 
Al jnd Fi^. Althui^h Flgimr 4 
unly Euizuwiuntht t^fftictuf 
pVL un r avaifflbilat)', warmth 
and moLsturtL iilsoliK^rcia^ ? 
Li^Libibt^'H 

Ina stuJy Iciiklngat 
thi; longlErmt:rii^cli(>^« 
v^dri]tjrPfKrt]lL2atJijn 
and iJroppLngon a dryldnJ 
ivhi^iit-tillCiA'iyiBiraln 
Munlanii, BjUiI P m If^ 
upper ft Inchi^i wah lounJ 
to b^ ipprnximamy 15^ 
h]ghL^r jp Ihi^ Ivrtiliiid s-nl 
than an the izunlrut.^^'hLTtdi 
Ljvailablt P(0l5tinPlwas 
nuarly 5\i% JuA'tir iJunii^tt 
al.. 1HW21 This dt!tTiLinilr-iti!i 
thktli^rljlrziiliuni^anini^r^alt! (uQl P 
^ithuut lnL~rv4i»in|^av;iil4ibltr P liktil^ due 
lupruTjpLlatiun uf n^lalavtrly iniulublt Ca-P 
mint:r:iJa. 



BtOQONArQ]Rlir40B= 

SuU drohjon rtiprt: stnts a lois of P 
fnjm flgnCulCural [it!lJsflj>ltan uin^Lir 
fnjm^^'at^r urwmJ btLTiusti Pli gk^ntral|y 
buund 5u tightly lu thti su|l. ATlhuugh 
JcA^' r^inlttJI <inJ reFiitui^ly flit lupugniphy 
Jn agri^:ulttira| vallyya cjrMunUina anJ 
Wyoming prtwnl highJinujuniiuftriiiiun 
fnjmwatyr, tuCil annUil i^njJiun (runi 
muituEEasttim MunCipii is yuity high 
Ltiliilbluni^re), iLirgclydut^ Euv/lnd 
lUSD/L iyy4l.AiJLimingati'pjLriiJtut:ilP 
clonCElnh'iibtjnofStHh ppm, this etiuateslo 
18 lb P.Uj^ per war, 3 iubhtant^al lost 
mlhiiCKtrallP kRlgeL Some truJed soil 
from uprtTirtl or upHrtara may bt ikpuslteij 
to rtiplact^ a portion of that bit although 
T^T^iv n tht: LtidiilributiOnoftrtxkil toll 
unifi:q~tT> ai tT>u&!h of It I h depcSiteJ ;^t tht 
edgtioftieldhurmdilLhtrh.SoFii^laclora 
ConlnbutLrgKi high amounti o( WeI 
erO-^lOn [rx^ludt;: I] long ^iop^^ mfitfltlif 
Jarmtid wtlhtJut runoff lilwrsioni, '!) rmvs 
planttiii up and dLwn mudLirjtt! ur s&:t!p 
&Lu]Ki, J) inadLc[ijaEL^i:njpnrrLJLiirH4f lack 
uf buflvr strjpi,^) pjur stindi, 6) Jackuf 
windbreaki, 7} inti^nilvv LlII;^, andAjrH) 
ui^nmgLitujn, 

DJiSuiwd P Tn riinuff i^n reprtitnt 
anulhiir !uh uf P frum iigritulturJil fieJdi. 
HuivLviit", thtr LTunjrntratLunof JjshjIvvJ 
P In njj>jff IS gtintitnlly [lw Jlx luthi 
high arauunt of sorption an J prtLipitatiOn 
ofP miriKTils. Otwl diLtipUun to this 
gi;ni;rJil Kult! Minimal manurir hlucl^pttes 
ur manurtr appllc:abon ^ilth, whtimP Ji 
clonCtmb'Jjtedand sorption iih^h In lhi£ 
misnuKt: and Surrourtllrg soil may fx. 
apprusitlhing haturalionr Tor tltlimplc. 
^lubli; P hit bten fijund to appruich 
B« rog/L IppjTif in runcrff from pdHiirt^i 
ftirtibaidwithpoijlljy miinurt: (Plcrzyniki 
i:taL?UUUK 

Inanutht^r atuLy, dalr^' m^nun^ 
flppln:atLunsuf UmlbP^O^^i: InerUieJ 
P tn rumjff b>' up tu iax-fidd (SJ^rplty 
and l\jn™y. lEUUUK With relatively new 
LfnvirOnniLinQl regultLliun^iindguidt^lint^s 
jn^oMngTuliilMaiLimijm Uciily Lc^* 
{TMDLs)EindNulTLt!ntManiigtni£;ntPliiiU 
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(NMPiKit islmpfjrtiinttunallzelhatrtit 
gtint^t^l ptniupClun that P bjnJl 4[njn|J|y tij 
lull t* truir unh' tuiia:tt[aLn sujI P It^vl ur 
appliLTiiliun Lin^uunE Su, huwJuM^ knw 
whL^riT thii puintii^'ithuutCijIkttina 
Q^v^it^r l^mplbj Leading a fitrld^ Alar^ 
aratjuntuf TiiltarLhhiitiiLjrrtlattd iOil Itst 
P ItvtrlswithdjshJlwd P in suil JuluCjun, 
tlrjjn^gewJtt^r. ormnoff. Uotlultheh: 
J^lutEkhluur^ thiit P in bulution iK^nto 
Mgniffciintli^incrtas^^ unlywhiln Glwn P 

rI, Mf^l ThdrtiEUrtr ni;i]ntiLnLn^ Glu^n 
Plt:\tl3bt:t^'t^nlhfcLi:ril]CJi1k\"*ilarul thit 
Ihrtiholtl shuutdopdrniat yitltl withtjiit 
k^Mn^ hubslsntiiil goijntitiei^oE'P in runoET. 

PrevKnlin^ iurlturt^ loiS of P from 
tinjliun iJT runijfr^n tt ntl^lniiJ thtrji^ 
niMilL i:un^er\'iit]ijn QLIiigtr. winJbnrdki. 
imptTj^tJ ^ll ferttllE^'. minitruil rtsiJiw 
burning, wintur^^uwrnrupi, rununj^runuEf 
iTuntrul, and boflvr stripi_ amur^irthcrs, 
Vuus Im^il Niitiir4il Rt^Lirirt^ CunStirviiliun 
Survict |NHt;S| vi(k^ i:iinufft!rnunurnja» 
mlutiun^ bjT ik4!rvajlng kjil erujiun cind 
ninuff.it nJ heiiLt: luiiul P, 

Ihchdib 

LiLathlng Wii not hhCAvn on lit P CycW 
(Flguh^ ltbt[:^u!H;ililCKAnoEa:x:urvtiry 

niadily inmtjat tuils, Om UQ-pluh vtir 
Slutly in Wisconsin SjuridthlitPfnlnii 
tlummtrclal frrtl tillers hiiJ nul nwjvKtt 
m^wt IhanStm fctlw ihir pliM' Itiyur, and 
P fn-Hii nunum iipplicdQunft had muvvil 
kiS than?Ucni Ixlo^- Ihe pluh- kyi^r 
iMe^iirirliil., ^UUl). Thir h^hi^r muwrniLint 
uf P QakJLialirJ wjthnianLirtj li likely diitj 
tuth^ b^Eftcti ttuEijt^njc muli^niili havt^ 
On l4jrptiun, ai dt: jCrlteJ pniv^uu^ly. 
In ^nily ^Lh. Cumn^b^ruLli] ferllJLjSJ^r 
LLppllCtiliuni hlivt l£tn ^nd liiin^rUS^ 
Li\^j libit P LUWHrnlraiiun* up In i fri:T 
teli>vlhfcLiLirlaC4L.biJtliih:iwTv:»trakct 
oD^v^dAblL: P.1E45 &t:t (kIlav thtL Mffti^^ 
(PlEKKynskai^lJil.. 2lHHH.A1hmL-i*^^r lEuJy 
in Wvtjnijr^Gna Sandy cliV Icflra, ^nd 
Ihist i wry hi^ irrigsliun rJk (J ittJ per 
ittL^iiijnf lt:di;htJPluJjp]}r0XJn>dliily45li:t:l 



Table 4. AvaflableP gams 
and losses in flie toil. 



FiirCiliiirr'Maniln. 


PlanL Ul)L)ldJ 


Lt^LHrpliLLn 


S^iption 


M UlLrdlii dliun 


lmnioliill/i]lH>n 


UtS&LjJUtiUil 


Mr^N. 1 p lULjun 


LjlI^iLiQ 



(Ptfliirichmldt 

Ihca^furt. P 

k^dntung n 
prubablyunL^ 
i ConCirrn In 

Montana dnd 

WyOnungGn 

iJOiir»: Hctik 

that are dithtr 

Fi\:^|LkJntly 

nLMjJ-jij"L£att:d 

or kiw hdd 

long-tdrm 

higli ralii 

nununi Ji|^li:atlonb. 



PBlIkGET 

Wt haw no^v liXflred at tdch uf [ht 
mpul^andcdijhuf thu uLitpLit) tu Lht! 
cii'alLEildtr P fLiuL. A jvjmnur\ uf thjl 
iSL^ilabli.' P budgt^C Li sh"Jwn inTdblL! 4. A 
/u^L?^P bLklj^tiidniilMJbc i^unslruiztiJ tijr 
a 5pt:Cifk: fkid b^iuldun totil P inputs and 
oulpuU. ~riuiext:rc!LU^4;.inbt: hi^lpful in 
d^t±:rmjmr^ If huil P kl^tih ^Lrt iDCniij^ng 
OrdeLrettilng. Unlikt: thi; tJ budgtit, u^hdre 
^ms and loshrh fi'um Ihi: jtrciuipfiere 
ajt: MrlLully in^]>JbiiblL: to nuiij^uri;. t^ P 
budgrtlsfiiirlyeaiytOLtinilrLk:! Thi 
Only n^Jifcn- lut^l P ]npuLicLrt IkrUlifiir 
and anjnul nMnum jnd the unf y raajor 
toQl Poutpul iht:rijprenRival, whlt^hi^iin 
\xi ijitLnutird irom Tablt: i uri^ab^ulatt^d 
din^cllyfnjm Eiiiue PtuniitinljatiunanJ 
dry matter ^m Ed. Cropland^'lthiniEt^Jty 
lOhV h-veh uf Qvij libit P^vlI] til^ty ihtAv 
inCn^k:d(utiJ PJtJVvbai P firrtihsiirT n 
apptik^dtu inLTca^ yh:ld&. Cunv^r^l^, 
in vji]& ^'ith muJtittLte luh^ t^wl&uf 
iiiinaMt P, tht MJt] may he '^ined" trf 
P until \ntldi an: ntr&itr^n^ty jmpdtltd, 
MiLnLmf-Eipplit^d Ekld^ xvtil alnioitdJway^ 
hhcr^^ninCrtiJih^ in total P duiL to high 
COntlentratiuns of P in manuR. ;\n 
ao^umuljtjon of P may not be a pnlpbltrro 
if ^Lin^^ffilnde^Q3lunf^om thi aniid jrt 
m]niniiil,allh<3ugliit:ii'highlevt:liOfP 
Itivt bten found lotiufit zinc deficit: ncii^ 3 
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How ddl convert 
Biay-PtooJieo-p? 



b^w qk!iJ flirmulaj ^Luih 
ir ulitn-P=Drdy-P/L!i: 

Lih bdil cinLlldrjnt, 

lT&rtli:ulirly pH.Fta- 
tXdJTipk. jn L^ntr ilLiJy in 
Mi^tdnii. il wdh i^un^ 
thdtd^pHH. Uljt:h-P = 
Hray-P/1)5.whtrtaiatpH 

5.e. aiit:h-p = a^av-p/a 

(Jrjfflit^tiil unpub-dalaj. 

nnjnUlstn-rif^i_^r 
ic^i lu^d pll dbus-ti 7, 
urM^' f^ttitiXikir-yii^lLj 
re&]un« curve i for Biiy- 
P MunttirufLrtill^r 
guiii^htvshaK fcrtillMr 
recommcnJuTinnl on a Ikt 
'kjij [uitP'dniJnukb! tht: 
^^umption I Jut h|^ pi\ 

Oli^en LTit:tlvxl, ;^ ^^dJt: 
scjiliiir^ tiitfacttLl w]th the 



Tn lome LTupji fHavltnetak. 
iH^'Hi. By L:um|iirinfiLinni.ial 
H applccdCtunniW Jwtlh suTl 

btlUhVjfciriactrtiinftilU, thii 
yfTtiet uf fertLllaiatlun amcJunli 
un Pbl^^LlabUity Llan bt: 
dtiterralntiL 



PSoiITc!fing 

tt! Sting fur P Is tL> Jtt^rmint^ 
P Jvrtitiarr rtniLiirtitTUints 
Hjra s[X!Ljfii: Crop, The 
mtithdnn:* uf iuji & Jllrg 
have fcttn prj^^'iously 
■JyaLTlttiJ ^NLTIr|l:nt 
M^iJugLimi^ntMiAluk l\^ 
Suj] sdmpftfi lur Pinalysii 
art: ^reriillviiulltitlttd 
frum thtr upptr ft ]nc:hi^s 
bticiuit P (rutn rertikzurs 
WiU Hay mthn upper laytr 
Jul: to Mrung hurpCjun ttnJ 
pret:Lp]latLOn. Inatkliliun. P 
fertilizer reLumnnindatiuns 
are iitiniriilly bdiwtl un 
rirsultt from this upper 6 
intihEH. Unl[ki; PJ, himply 
mt^a^Lirjng J]ikjL\^iL P 
wiL] nijtgiv^ dn aduiLLiati! 
ustitniik ufP ^V[i|ljb|lit>'. 
Thiitlbru, t^xlr4i4:tiijni 
ha^v htuniJt!\'irlij[KJ 
^vh]Lh:in^ dLSLgntd lo 
r^mu^^ Ihir muft nrddiEy 
QV[]iLabk Surli^iL4ind 



mint^ralPfr4n:tiijni il^blti 
5KTht Briiy-lflnJMthlith.Mt^iliM^nr 
de^tilLiped rijriu:Jdji: bulK. djidwurk by 
dliitjlxTRgtht raurt buluhlL^ ;M-Pdnd 
Fe-P mire: r:iU thill t:onlrol phtjaphisle 
i:DrK:enlTJl]tJtii inJiClJiL: sc^lti. 'fhtr Olsen 
PtLilwd^divtluped foi ntrulml luhigh 
pH solb, and relies On the biclarbundU 
iii!lj;u:lant bj Jhsulw the rauni sulubit 
t!a-Pmint:ril?iHindrtWst: !*onk: torbed P 

AnLrthhir p^Om^iLng auil IttI 
ttLhrlLjuti ]5 ujingdniuneXLhan^ 
r^ims, b^tther cncdpiuLLilLid Lna iynthutfc 



TableS.SfiiectedsoiiP 
l«itjandexlraftants. 

Bray-l HCI.NH^F 

My:hli^h-J NK/.m,t:0OH 
NH^CIVHCI 



meihur in^ prubt, THli Jidviinfagt^ ufa 
njilnui'tJrun^nrdCtinliilhfLl thi^a'^m 

Ixttur imitates a plant ruut by ikcryiiilr^ 
hjlutiun P. ptfumuting P Juiurptiun and 
JjssijlutLun. Riistaruh inMunlnnaun P- 
r«iponi]ve t-^tc^r^uui ^th hit^ ^nd that 
RtiSln-P r& muni riripcjnsJw thin ^Jlwn- 
Ptochinjjei inPavaitabLfjtv'Mltj^^'ug 
Prert]lLiL-jtiiin(VingttdL :>U«:>f. The 
JlkUdvunt.^ i:^ thattbej^ hahbedn 
InfcuftkLi^ntLaljbratLOnoftht^niftinP 
results a4^inM yitilil tutinablea fertJiZtLr 
rttummendatLunEi be niadt:. 

A large amtjunttrf rt^Staftlh Itih btEa 
cumJitlifd tudEitermlne rdlalHjnships 
b^twtienf olEiiiln^sultKdnJrelatLvt: 
yields. Tht: i^tner^il nildtiun^hip bth^ttin 
hjll td^t P Jewls and yitld Li shuwn in 
J^Lgurt! ^. Suil lyjit lentils am fitnenilly 
brtjhtn tnCu Ilta', mtidiiim, ur haghn anJ 
sijmttimt^s il*u Intu^vrv ItJA'' ur Vtrrv 
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Figure 5. Efrcct of soil tc^t P levol 
on crop yield. 
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hlgh\ At toi! test P k\itU a how Hit trrtlcil 
levt^L'unly mlnlmQl yield riripunaus ^n te 
tiXpcLti^il. Tt^LTllii:iiMevt!Lwi]U-ary wllh 

CrupamJ izLlmat^: fur^XiimplL!, [hu CrtllcAl 
levt^l fur ipting^'tKEiE L^iippnjiCiniLaEirlv 16 

ppm iJ[ii:k5unirtial__ llUfTf and fjrwinltr 
^'htat n ilpprultiraately 2\ ppra (JdCfciOntt 
ziL, Mtlf. Indihlh1]^jn. Jitcjuu: Ihtin: Jirti to 
niany U[:lorb thatdfk[:E}^.iv^ll^bl[ity^£LnJ 

y£jjrijn/i.v J^jLVJjV¥'fJn''s:MrigurehK 
Cunvemt^ly, thtrre ej bt^U hjrH Lh^nt:^ IhaL 
lirtLlizlngd hJil Uclhd high Kuil UhLPrtiMil 
v^'ill prixluct a profitiblfc: _xntlL] ]nc:n:a4tr. 

bfHTLLliCdll^, in 5umi^ CiiJcari^uu) MunUna 
kills, iignifiCLLntgruwIhTtiSpOn^tji ID 
P fdrtlllZiiliun an: MjnitrtjrTu:^ub^tWil 
in imall^iilnixvhyn thL^ uli^n P Itvtl 
IS Jittjvt thir ^^nCLiral le\'cl (JiiLfci^jnet 
aL IWlJatrkmntljJ.. lyy?: Vang and 
Jiizubstn, [yyoj.Tbtrefjn:, ttatingyitM 
rvipunstis tuP l^rblliUliunun ir^Llfk 
fuHils II rvi:ijmtTtfnikJ liiiLippli^mfnl 
LLnd vuhtktt ^mj &i[ t^Sull^. Iniuklitjun, 
hUrliir P with Of ntiartht ^t^tLvjill liKublly 
prOiitk yjn\^ laslt^rgriM'thtjiiirlJer in tht 
Spring jlrcfrt" I ng wiasunwhiln auikarti:tjjl 
and wtL 

-yPltviiiliabCKt theemirunmilnKil 
threshold' tbert mav be water 4|uality 
dtlgFidibc^, Jjl through ChmFti K no 
agrtenhLntunwliatthus thrtllhold 
shuLiltl bt. Tht! entin_jnmtntdl tlirtihuld 
m pnmanlya n^gtilalun'triltrnit jnd 
ViirUri Irum itiitii tu ibtt^, It ligt^m^r^Uy 
!? tu4 l]nur* hjght^rlhiin iht triticiiJ 
levtL In Munt^ru and Wyuming. IhtiV 
i:L£rrentL^ ]5 nusct thmahuliJ, althuugh 
Ihir frdtriiJ NRt'i WiiJtt Utiliiiiitiun 
guidtiLlrvi niCumn^LiniJ nuiinimal nunut^ 
appllLr4iliun) If Ihir hjiI ttit P ii^vi^L i» ahuvi^ 
15U ppm and mijnurv appluzatlon naRr^ 
Cinnut irJuiynd iirup P retnuval natt* if the 
Itjsl J^vi^Li^LihLFiv lUU ppm. Idaho uStiS 
antinvironnnintil thnr shekel for OlaEin-P 
of 511 ppm On sdndy hjiiri and iDll ppm 
for hil[ luism tmla iShdrpltyanil llinntiy, 
;jaQQ). Ontrecogni^tdproblEraVJith 




V.LOW LDW MHIILM HGH 

LEVaOFSaLFEnTfLFTV 



V HGH 



Figiira G-The effect of ^oil k^t level on Ehe 
probability of a proiilable yield iDcrea^e from 
fErtilization- A probability' of 0.S5 Qieauj an S5% 
chance. From HavliD el al. {1999), 



unvEronmental threihulJi is Diktlhey 

du nutdiki! intu aiTLruLint tht putentli]! 
fortlruSionur runuff From thni hittl, so 
ait ncHagtrtxipri^dsttOrof P iuii tronihi 
field (ShiirplEiyjnd '^Vinrty LKHfU]. Dut: 
tolhi?it:unci?m Ihti USD A has df^ ^-eloped 
a'PindeJL' trjolEhatcunsiderSdrcdlbLht^', 
runofE; ^d l^stP retiilt, Papplicalion 
rate, arti V apptiCdliun nhLthod. THk toot 
rtiiuirthvtnfkiitiLffi. but n ont: pushiblt 
mi^thud J^JF t^sUmiLlingthe puttrnlut iivr 
hurfiW^tPlosLrorraoTt LiJorrnaEiun 
abuLit dtftennLnir^ and uSir^ Ihc P 
indt^it ^^i^ thtr NJ<CS^vtrbiL^ JiitedlnllK 
JipfundtK, 



P Fertilizer Ref ommrndatiom 

Sml andl^tLiidl IdlrpufdHoFJ^iotiiin 
pnj\ndtLJi rtciommiindtid P appllt^^Qon 
amOunlliisltdoniOdPltStrtiults 
KtM■e^tr, prtxluCEirs raavidterthihJi mount 
du[KndLngunfc:rbli^ri:o^ti, cE\ingei En 
yitid pUtentUil. maniLgtn3Knt jnti^n^ity, ur 
due ludjfli^Funtphllosfjphitia Ihuffki^ncy 
Or majnb^nanLie/biJild-st^e NuErjtLnt 
Marei^niLintMtxluJe 1} PfrrtilLfflT" 
guidt^lintrs ar^ uSirful lijrdLEtTnimEr^Ji 
P (tttiliZer ret[uinjnurnt. A^dneXiimplL!, 
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Figure 7« P fertilizer recommendations based on soil 
test P JbvcI for grass (fmm Extension Bulletin 16 U- 



fbji1illZ£r PrirtiJtnmtirtJiiUunilljrgrdiJ 
fln: pruviiltd (rum lit HSU^VrlllLZ^r 
CuLdLlinL) ^MunUind Crijpi (Clf 11)]), 
whith us^s a suhTHJcnLyappruach (Faginv 

ppm, th^uguiJtltnL'^ivuLiJil n^cijnim^nJ 

app1vif^i"lbP,u^^. This vakitrizuLilil 
tx. dd|U5ti;d Lij^^nJ bh^htly Ibr highvltrld 
Qji^h dm] ^lighllydiM'nwiinL fbl^ k^'vielJ 
e_til5. AhTMCilgraSi Wi^ldinMOQtiniH 
Jipproxanulth" I 5 t/di! whli:h Hijuld tikt 

upi^npruiund&ij-;;:; ihp.u/jc ri^hit U). 

iLQ5^al]n^thit1hirtrmdimngS IbP.O^^C 
^■Guld bt buunJ 10 the soiLTiiblt: Lllufli^U 
lOli^iinlK tiMrJlLJt^Stjmalt P^O^rtmOx'al 



ia mounts of tnijor Montana crop* for 
Ihust! wlihingtuusc a boild/niainlinflnct 
appnjiiLhfijr P Ji^rtfljiiiiliunlNH li, 
S[Ki:lfiLriillv, tht remtAul QtriuLintiiiin bt 
adUtid tutht! suffHTurmryLiiTiLiLintllliWt! IB 
ufE& HsDludirturmint! tht P|vrltli2tr 
TiibL inuukrlubuLld tlitr i^l&^EP lt:i^l 
until it TEacheiCht:crLtit:.illfc:t^t.?riittht5 
CakuliitLun Efift f^JK iJunvtrbr^bi^th^iiEln 
P^Dj ttnJ P ftrtJiatsr aniuunls, fiy plotting 
dnnuiiliOLltestli^^tk PftrtJiZiititjn 
imuunts. iintl yitltl, Ont! Cjn btglntu 
dtslErmink: hew P fertiljZilionJirnuuntH 
dffi^ct bLrthy[tLldArKLKullHhME^^t:l9lD^ 
d rflf'ticufjr field. ITiH FHivprovt: mon: 
fiuLtful than uiing puWnlmd guidEiUni^s, 
Ix^Liiuit^ Ll ih *[xi:ift: tu i-ijur ami. unjp 
vnri^t^, 4ind nuLnii^nii^nt praLttCtis. 

Ptio&phDins Fertilizer 
ManagemenI 

J^fu[x:r m^njgtmtrnnjf P fcrtTlizer 
appki^dtiuns ii ktiy liiuptinii^ir^ yield and 
pruttiiting^'iittr iiuzilit)'. As mtntiunk^d 
prti'itJLisly. iT;u:bces thai IncrtaSEi P 
dvuildbillly \nc[\^ biandln^. InclT-ts^&ihg 
Oiginlc maCInir thrmgh manurt 
ippllCatLuns urtunHirx^jbtjntillagii 
pr;u:bc:eKrJjnd applying Ik rblls^rK as di-4e 
ti^ptakcrup uplakt^ JiK pu^sihlt^. Sun>t 
ndapttitiun-i sliuuld dIsuulCuF With annual 
ii^rsu3 [Xirennjal Crup^. Inadd^llun. at was 
pointed tiutlhiitprilx^JntingEruSion jnd 
kiftipLng suiL P Itrwih tvl^j^' tjnvirL^nm£nUil 



CaltnlaliDnBox 

CuciimoN: PraaiJUERiojLPPD: = P,0^ Reiuhxendujon/P^O. mjinioNrtPmaiiuBL 

EKamplei TlvftrtllracTitiflulnnKnMi UlbP^O^e Htwniiich MaP jll5^-"Hi rfcitJuiJ? 
ReL-al|lhjJiU:5?nKflniliullhlSfeft|]LZcrjii:4i4ii^L!nttu5yiftP,U^ E;Hpn:*»Jd^a&-i^ 

M.^* WHleiJ = 1 14 |b^lAl,53 = 37 Wutn 



T 



10 



Hd ful^ 4 ■ IQiicplvmiJ (fifiRB.TEEt?Ld oni PbI^b HECf-imRJa&rnic 



Plui^ifRjtntwldi. The lijIliJANng 
iutntniirLjVa ujmtr diUlLtiuniil iti^ps thai i^n 



BramMTTPi 

l"he tH-ii moit (hiquiinUy uirti P 

tiijmmerclal f^rUliZers inMoaQna Are 
MAP 1nHifv:umnHinium iihtjhphiiiiil antl 
DAP (tliammoniuni phtjaphlilEl. M.\P mav 
bt: ELrapuriirLly mOftr d^'aLlnblt^ inhigh 
pti ^lli. be^uiL! Lt liM'Lirft pH, v^hutnti) 
DAP rdciir* thi! pH, Spe^:LfiL-4iJly, In i water 
kilutiuailliiiJlvbiilMAP wiLliY&uLlIn 
apHuf J5, ^vhilt DflPwIIICiuSti pH 
ofU^d-liivhnbjtiLl,, l^bi^J.Thi^Eii^LJii: 
pti imniiiilLatety iutruumJlngJi Mr]P 
gmnuli^ lhuLililtcmpur4irLlYik4.r4:Lj5L! ihi 
aiTiuLinlirfP mintrmls thfltfijrm, anJ may 
Unmlvu ^nur P rninrriili airtiiul^ prtrHrnt 
in the kJil. ThiJitffeLt li Et^mpunin', ^i 
ntuUilialnfeirticihijns will yuitiklyrtturLi 
Ihi pH luniL^rJi prt-fcirbliadtjtjnlewl 
^^runj:jm]C^lly hptakir^, al the 3ArH rJilt; 
ofPthtTii hhoultl be no JLlftrenct IntiKup 
niiponst: tttwtt^nM-\!^ jml DAP lorii 
ciKupth;itaal[miti;tLby LjCkofav^ll^bleR 
Nitrifkiitiunijf thi aininunjum in toth 
M^jrKlD.\P^vlllalUD(!JiuuLJi hli^ht 
dtiCre^^ ]n|^ jNuEnenEMljnii^tTient 
Mu[Lile3rr^pcnt;nt].il bt^ni^fitjnhigLipH 

FiirtllLTingwithtiLlhtr MAPor 
UAP li pn^firrjblt llilb!rtaLlZL^^^vLlh 
tTiplLiLi[x:t-phuiphatL {"-toJJuf TSP) 
bticaviit tlKiviitrviiknuL! thatNH/ 
InL-n^d^tJiPuptiht^ (HjvljnbjtiilM l^W) 
and btrth HAP iiml D.AP art leis tJ(penicvt. 
Vlu^tvtr. whtn fertiliajrisJ^urntis, iith 
aJLjIlall^, xvLthwry highrab-&ijlP4l5"lb 
Pjij/dtrtrandhL^Ti.TSpLiprefembk 
b^c^uk^ Ihfc^ lt:gLintr tlOiiA nJt net^tl thtr N, 
and tht aJtllbunisI tJ mayfii^'Orgra-^aeH anJ 
h'tieJt Li^LiiJiLmnHinium pulyphMptiaU 
|H)-34J))]si]iJkL:kly[:omtrtE:dlu 
phuLphaU. jnJ Ihuhwill undurgu Nlmiliar 
MjrptLuniLnd preclpitdtiun m^Llbiins an 



othtrphosphiitti ^rlllizi^rs IHavlLntl 

:iL iWWf. RLJi:kptiuspl^lt.whn:hri 
^umpnmdijf aptjCLtt and lluumpaliti!, 
II Lii^ijn[ylnlTi=!4LLit!ntlyJur lulhe luh^' 
hjlubilityof Ehuiu tv^u mLnenLh ^^ptirtaJty 
at hjgh pH_ Or&inii: pruJuLvr* EnrifuLrnCly 
UKL thLi Eurm uf rijw, unprultistdP as ^i 
nutriclnE auurCt. but jt Vtn^ hcgh ratti 
and puK^erU^d inlOcii snuEl uf pt^Lltj^ 
aspcUilHE^.dLk^EoniliM-Jjv^il^Htr P 
clfincentrdCiiinhinJ sulubiEitv 

iDros/ftAOMEfr 

I' iurptiLin jful prLLLpflliitLOnartr 
reJaliwIy&i&Cpr'-u^ft^i, h^pfkinir^ 
in minubrs lu^Hrtihs ifttr P ferliJL2J=!r» 
di34ulw-Thyn^furv.P&:rtil[?t!r shtiuldbi 
appLitjil <ii cluie tu th^ tjtne ul maximum 
P upUikir l3i ]]OiiLblb!, InadilEtiun P 
bLindma n Tv^^umnurndtJo^vt" broaJijiit 
JippLi^liuni ttiiaLi&i: bjndjngt£aM:nliaLlv 
iHituriiRft ihn ^Ll^'lthP in d imall 
jri^d jlluwinj;i."j5yiu:i:^r4s b^^ ptani 
luuli. Cunwrjily, ifP is bnltidtlaitiind 
int:urpjrited, PwiU iJurnii in i^untiCJ with 
much more ^lI huf^E^ anL^. leading tct 
highlEixtlsof P hjrptiunttnJIiJwlEiViilsof 
av^ll^ble phin^i^lt;. ^tiU. int^sbbh^hiid 
|:tjn!nji]at turjgtis. whiLni burfiii^i: biuadc^iAt 
apptnibliOnofPferhliKersa tht: onlv 
l£a4ihlejjpp1li:atL0n FnelhoiL, Arrhlizatiun 
with Iflfl lbP.,0/iR-nihuHiid in a 135^ 
yit^ld InCre^^ ]na >tunUnii unll sv'iEh ^i 
lOhV^v-atldbkPlbJwl (^Liihrnan iml] 
Ktjcpin mind thai min^raJ F and vjrbed 
Pcan huiTumtr aviilliibli^ if phu^phib: 
kv^l^ in luliitiun bticumt iLwenuugh 
tuprumutir Pdii^jlutiunurdtnurptcun: 
huw^^vr, ihib^ can ht iJuw' prmTtiULis [i^ 
NutTLtnl Managtmirnl Mudulk^ L' fur triLinr 
diii^ulikjnj. 

fclOEIZER ^llURfE 

Thii ujLiri:e of ri:<:k phospliate vi^il 
to make P frrbHatrri ha* betn fourtl tu 
hjmewhiit atfett P uptike jnd_xield. dut tu 
diCfcrent lewtiOfP-contaimrgimpunlies 
that ftjim during tht: miinufiittunL of 
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Tab]? 6. [Qed of mannre applirntion mA 
iDil lest P level, on dissolved P flny/L) is 
innDfi two weeks ailei uiaiinie ap9liiatioii< 



SfflTEsrP 



100 IB 



200 a 



ifm kmf 


111 ^UUIUtB 


V.O./it 


P,«/»c 


6? 


025 


1 35 


:l42 


^37 


0a5 


L40 


:L4g 



FiDEi Sharjlev3iKLTLifiiich^4LHNK». 



PptrrlllLiL^rUBatluittal.. IW^KThi! 
pdrtenlagt: uf a ftrNhZEr thist]^ water- 
^lubliih;ibJjl9utvtjn9hC]wnEo:ilJ^t>-it^yr 
Ji1Ih£?uuh thus 13 dC4^c^nIdiI (Lw in the P,0^ 
Jinisly^M ihiM-nunthtr bagft^ lU4fl-0f. 
IniiilJitjOQ. thert^ aftr <i Ikw c^ijnCt^rnji ihhi 

nuy iilli!i:t P iolubillCi'; hwvt^n^r, rvLtnt 
rtiMfiih l^iikmunstTtilKdthiatdJjiilingi 
illJ nut iL^nLlic:intlyiU!i:f4fLJiL! UHt^n P 
lbj\4:l j, P upCakt^, ur nhtn^ gruunJ biunia&i 
uf Cum (ijr t^^iidif&Tirnt ^ulfulis uf MAP 
UcintJ^aniJJULijbKn, ^UUH). 

Ji^lp^^:^VJmdtdy5^^-*^^•^^ofPfr^l3llZt:^ln 
];4hOLjritx™|iisrtLJ tC*:!"-51)^jforimJ5dl 
24*bmuitluFL: (Havhn ttal.. t»»^) th^^ 
JiJftrtrri:Kh lEkt^Ji'ilanDE ha^ii muchtfftiLt 
im P a t^d] lis billth' during ptak P uptake 
PELnudl tKLlausL: butli n^Oisture iiunliinli 
^"Guld niitJE In Cuniplt^tii ill^^lutiOn 
^'ilhin J fth^'days J-lHjVr"¥vvr, triuLittr suit* 
wlil bellur jrumutir P diffuuun tu plint 

Dui^ tu tiu ^Lh high utility to iijrb 
jnd pniiTjpLtali^ P, iniLill P upplLi^JiCLuni may 
n^t5uliAtiintj^llyinL:ftf<i:^Pii valla bJaty. 
InKltTiklr largt^r appliLlaliOnmf P may tv 



ne[:E^!iKaTytc>!^tur.ili£ buil binding slb^v 
anJ inLreast! P avii(ibitit%' Tur Llurnple. ?lf 
nwithri af&rd P bdndingeXi^jnTTUinEwJit 
clunJuL-liid. thi hJilP test Tthultijnii inch 
iiway frurn thei^tintdrofChe biLndin^n^Kd 
ti>" unly If "*f I IUr:ifelbP,0^^t:applct:aliun, 
butbyalmust 1UU% Hjr a 75 lb P^U^*: 
[]pplLi:ntLun(Havlint!tLLl„ I^M^I. Hwr^ltinf, 
there miiy tv trCunumK jdv^nL^i 
luhi^vr. Ii^xft IrvLjutntr P FtrrliJl^r 
nppln^atLoni, aUhuugh IhU hai n^rt t^tin 
JuLunKn&d inMunlnnaur Wj-utnLr^, 

A|ipLyiL"ig manure tucruplaiid prtSM^nti 
vtKi' different inindgtrntlntuptiOnh from 
1hi:i!iE^dL^u5ht:dabuvii. If miinLire is 
applli^d tumtieti^rupN ruledh, mu^h mon^ 
P ^^ applied thiin l^ necehhin' to meet 
1^ rieedi. nierefofe, lL?m-Ierni fnaniirt 
ippllCfltLOns may InCrtaaEi suit ttStP kv^ils 
wt^llabLiv-etHheil Itv-elh, andpoiaibly 
ilxjvten^'lrcjnmtnliil thrtshtjIdA. Manure 
bhcjuld bd Lneurpurdted a& ^uunJii roi^lble 
iafter iippl|L"4it|unturtdLk:e nutrwrntrunuff 
pjli-ntiaLUthiir praLliaitudetrtast P 
jn run^rff LneluJu applying manure whiin 
th^re li nu thn^^Euf niin- minimizing 
tappki^citLuniimuunt&^'hen pusilbic, and 
[applying un Iua' JiujMi. aniungutbdrs. 
App|]L:iiliun ralti w:n: ftjunJ luaffeLl P 
]t!\4:l5 m runuff miith trujni thinTnltiQl soil 
li?st lewis whL^n 1 inchirf pruLiptatmn fell 
2 wt:eks aftiir manui-e .ipplieJsbiiin ('Cibk 61 

Manure raanagdmenl has tticumt 
more ijf an Is hUELmtl^ last f[Lw disc: jkkK^h 
cropjndJinimaluperitlonh hivt: lsit:ume 
cunCEnh'Jitfcid EndifTerent regions of Che 
country' En^'l^JnmL[nlal Concerns Ttldtiid 
t^i^onfineddnljiul ikedtr^oper^tion:^ 
|i;flJ''Oslhav'e btEinmore ofa prubltm 
]n^Ui1thin1he Mid^^ltarKl E^ht Ccast. 
Htj^^^e^tir, tliertr art: fi^ildi in Muntina dnJ 
Wyoming^' here tht NRl'H n=!eomnH:ndi 
mther numiinun=! iippllc^h'on Or limited 
appln^dtions htcduicof high ^Jll P lust 
Jt!\4:ls. For eyjimplt, whtn the ioil test P 
It!\i:l ti bdl^4:en 'i5 and lUU ppm. tht NRCS 
rtiiummends that Piipplleitionriitei not 
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gjcc^ed crop phosi^HirLii mf i3i If [hi^ ^P 

miJt:X' 14 high urvtri' high, uthtrrwiit, 
nii^nur^Can Ik applinJ lumtL^ECrupN 
ni^tiilj. Jn [iiJiJ][Lun, rruinLnv appliii^liuni 
dn iilMjbiikrJ un NiiruprwirJi iftht^ 5ujl 
tt5l kvul II beJij^v L^ ppm. ^rbtr NlfCS has 
hdrtkiL^pi" dntl unlint: Mijrksl"itrt:Is Ibf 
Pl^^rtitiZiirs (]!^rUj3ttdl.. m^:!) Tlv 
f^nienUig^of^li^rtlLiZtjrthat E^K^iliir- 
aoIuHe^ h^s^lun EKt^n^h^'nluJ^f^dt viL^kl 
altbLiLiehlhiiLiiit:t:ountttlfur In thii P,0^ 
analyiii jhcfrt'ciunCht: hi^jt.g. lfi4H- 
ilj. ]njL]J]E£ijn, Eh^Fts^rt^liliWi^OnCL^m^ 
that Jujt-cunlioltXtitineiapplitLllLj? 
ftrtJiatrtniiy affect Pauliibillti'; hcM'trvtr. 
TfL^nt Ft^5i^iLn!h h^s Lli^mOntlr^LHil Ihat 
duUnriLnLr^ rruinLirir iippliLhidun mlt^iinJ 
Lumpolingii P jnJk^x if fn^ctsiin' lirit Web 
PL^LirOiS ariApix-nJiJt &jf NRt'SMYbsjt^ 



Snnmiary 

PraperrMragimt^ntiJfPistiSitnltil 

duti to high 4^njp neiiclh. ikLreddng 
hupplltis of high uluIfIv ruck pl-HJiphaEi:^. 
^ind lnCrt:i^H:dtLn\']KunnhLnla1 (Xjn^rns 
and j^gulaEfuns. Phosplmmhi^^'Chng ls 
rrUfiKVi'hist binipltr than fur N. dut to 
liH:kofhi mijjuF i^st^uLi^ pluuL. Thi^ \r^st 



rnajijrrtyofPiniOilslsunavaclabte to 
planCi btiCAvj^t^ ith buund in lniu|ub|tr 
P minL-mlj JindAjr iufttd 4[rongl>' P 
^iHiLdbjIit^' L) nurdiun^d^vLlhunL! uf Ihn^tr 
majur jLHmiUi UL^^n, Brtiv, u^^dehLl■:h. 
Ut^nt^Tdlly ttw Olhrn Ril li nitiuniniLindLiil 
at ntutrisl to hjgh pK ItlwJs, and the JJrdv 
and Mehlkt^httlati jrt rtciomniiindtd 
loracij tuils.ThifgitilofuiiLu-KlP 
nunagtrKnL i^ liiktit^pCh: Kc^l UbL l\^\t\ 
near c^ ^boikti i:ri1JC^1 k^'tU lijr miiXirauFii 
CrOpyttLld, int bttiM'tHXTiunnhLntil 
threiholtls. 

Due luhL^iiniuunthOf P prticspiKitiun 
aiid ifurphon m auil. it i:^ diflk'ultlii 
InCrtlriKL the dmuunlufPdX'aLlabk for 
pItinE Lipliiiu. Mum^vt^r, P upUikL! ^n tu 
incrn^^d iLibsbnliaLly byiippiylr^hLgh 
TjI^s uf btindtid P vising amtnunium tLisud 
phi-^*phi& Ii!t1]lizcrs. and tukir^ sti'ps tLP 
in^n^^' ^jII Lirg4iniC iruittirr. In MunUind 
and WyiJtTiLr^, ndtiirjl Urvvliuf iiviuLdbJc 
Pur^ jLPhV.dei:n^aiLng thtj liki^lihuud IbrP 
triinipurt vEa surftitL! trinuEfur lt^4ichlj^. 
Huw^vvr, suili in futnlluts iinil frijtn 
fjtrlds that haw hdd lung-ttrm nununr 
applitialioni ln£lyh^^t tlti'atrt! Itvtls erf 
avallJiblii P and thereluTE. thissrt: hpcCMfk 
clAjii^ d4^uir\ii tSitlriiatlt^nli^ntOradnjrDL^ 
pjhiLblt: Plosh^L 
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And ItKjr upLihLL n.Litii'AsKjpA u^ 
culc^AW^fljib iHnt^i. Sec. Ani' J- 

V^Jt.fAJtiFiM.JJ-Rim.drel 

Ihk-lHJft^ iirai ' ^ bt n- k in I' -n."-j^ ^raiwi 
L;AlLLiiti jiih y hIj LLTim-b] uf krUJEiLr 
Eirrvjunt itrxl inCubutmn t[mc (furrirri 
Suit Sti. PJiinl ^rul In [iihl 



H ulfclin !^LilU-l wiT^^ nni-nniLiTi; 
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Ibiijl^ 4 ■ IQiicph^iui biERE-TEFtEnd onj FEdmiEi Hecf-irvtERJa&jmc 



OTHER RISOURCES 
BaoH 

tllJljua J!4XrJ ±»LiiJ lmf^l^-1;T¥1LFlI 

j^UfMkja Inti^rtLili^ Putildhti^ 

w:^[ijfRfertiLiytdib-a5p j £t5 inLtuJmg 
sJiLppinj! 

Fbnt NkftritkinFbjiLial J Ui^dI^jq hmt^ 
Jr. ]Ejyb CISJ. J'hvu EkLu l^iitjTi, 
PVjnCia-l^|i AjTfmiL jituEl !>■ ScO 

^[iFEfiaib-.PChthtmlldla.nJ^T-CkC 
I'm^ bu;ii Mjn. Plunifiu [^Sd p. 

&[lFfirt[llt\-aiKlrcrNr[£€Ti: 
An LnJrad ul: thd n Ed ^utitnJ 
MonG^raEcit JJii^Jin, ! L, b.L ("il^iiLt, 
J-U.UtjlpjntUiiiWl NtbjiL Tth 

UpFvr ^ihJlJJl Hivt r Nt:;^ ALr^!y^ ^]^ |i 
pipprtiii^SlLJO, 



l^rUlia^r Uifi Jt^Lim^ lur ^tJ^lMlfki C nj|G 
(tEI]6lk!^nelL^Lupv li»Ep». 

Unllnc ill; htlp '^^"■^^h m mLfjU JJliJ 

uc, LihUlD IhL puhlkijbivi rnjiaM^U 

atirpplr^r 
M^U tid^nskijD l^jbljLilAtMjQ^ 

iJLWin^n, Mr 3J717-^U4U 

&L lA'iV RGjaurccs kl^h ^JFLmlfoC 
gpde n pjm^rrTu[jL^. 



EngeL Rict .^s^^iitik Piurcajr. 

C-UJ□|yy4T^I^5 ci^lK-^ m inLjFU-iAiEJ 

JDcloaOi CesioL i^5bA.iAk PruFc^r. 
S^'L-^tLTn 'I nunlik; Af^r^ulLural 

7707 aiJ-kitm^- rrxinUi^Jiiu 

Lhunl&JiunLinj-LJu 
^l^ftkuH^filiil UL^Fn.^gJKijlLuTii^ 

C4i Jg I yi3l-.KG5- wratiAim-j nunlrUki 



.iii]iiphi--aphiii^-n.hLfn 

Thiiisik cijnIiUJE ^TK^rdC anlurnubun 
rug^mlinQ Uk pbv:S]ihjnjS i:>i.lc 

Stiun.^ I n^ L rjly uF MiJvitijLL 

h^t^y^ywff-mLFULa ^gilu-ai-rh'-'DELtiTiiirei' 
EttLri^cnmp html 

\fthiilt icf prtparirsnulriepL 
QdkfifiRtEiEJit pbn. SLurtti-N kC^ 

htljiL'-^h'Wff Lm-DtniAjL3iJ^^ipfc>l& 
pljnt^i v^ilf^r^"iflaJ^vhUn 

l^rtlJi^c r RiLununtiKimitfL^ ^'iQi 
Jllkn: nt ^hL tL^L n^iult^ Fur Antral 

hltn-'-vyH'tf-rTHmLukLKLJu^nubbii^Lj'jEui 

opJtinT^ intjnrutn^ |1 jr l':^ liimion 
CTultniils 

htlnV'^ffjhAiiEB 

M^U ^Ti^kly A^njfum^ Nulc^ hy 
Ur-lirn tlftiiMitr 4Jri ran^L' oFr^HJ», 
u^JifJifq! lurLiliZLr rrujui^Lmiii^L 

H; rUJiatF MjriiigL-FnLnt^ lUvJ irM-r 

kjuii^tji^u Injoi fF^UbiLitn^ 4i:s tL^n%iFi 
iSjtnL'^ jraJ i.iJfbLJtunC^ 

I L rU I L L rNu- Lf 

QiEJln^a lIfh! Fu^umnu: n JijtiJid 
tkK^J^in EkU iv^ Jiv h cufklik Itj J In 



Adaiowlfd^mpnls 

Wt wuliIlI lihi: tuL^lirr 
(Mjr uTniufIdppri=!i:i<itji:^n 

revitVF^ri ^hu pajvitfej 
tlkir timtianiLmtl^t 

m making tbiJiibtitMr 
ijLji:LU7u:nt 

Pjul DiXfjn, Y^^tltjwsliire 
uy LQuntvlilKEtlniTlunUf!!^. 
^^ JJillinfii. Mtjntania 

JtffFartoH. OrFiCrul Enc.n 
JSrjJ]'. MnjntinA 

RickPiiMihtr^.Nni-SH 

U^JCferniinrMonCii-iii 

B IVldngltrAgriLiultur^ 

Da%tPh|lJpi,tVf^l 
Cumit>- J^ubrntiun uFtLcC, 

SuKL l^i-lu*-. MSU 
ttimmunccatlons 



TC: Q11I4 4 - ?>.DTp^iinjs Ct?1tli]i I^rfnn ndlofi&ia Hm i7iTVTV^d3&]TLA 
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iH Bcoj rsQE ti B u IB Dl m AhjbbI tv non-pcofl Hftjcfllcfi zy pvrpoie^ ~ni It dxim Bfil m nytw i^hlEd 11 mo efidict^aal ol a oam Bf cJz^ prad- 
ucl te^c« cr on pNi y^ scaled w I mpPe<l hi [f 11 ppix sp'l^ cf ^1 K g ^«^ 1c ^e du Tio? ?nd ti b r£U E^r^tlcn ^^^ic^ lb »? tiei? di»j m^nlt 
In elect cfi 1= >:rm nil , p«r.TKtlHi m.tlbBESughl tsm ti e ^ -^lEiEn Mo' Co'' m un li^rlcfi i CEHrAab^ Com m^nlc^lsn s Senicn, 41 & Cu Jnef HoiHd, 
rulHibiAeta1eiJilijmlV9azefnzvi.BDZ«a. Mr?9717: |4H)9U-272n E-m^il-puUkalcatiSmcfitvi&edJ 



i« 



..rft 






CXTQ S h»J ESKCL 



Tlie prc^wi^ a1 He r^U Extenilcft 5aiic« we AUBlflUe b d pecf}{e regardHi a1 rAC^ aee<L cdcc, le:^ dizUllycff nAlcad cfl^ 
Ktued h U rft»ac« Ql scoiHf ^w lAHla wA k iglQjfftjre pnd h cfne escn cm [^t aM: dl ^y B [Vid Jun b 311^ 1? 4 Inoiqu^n- 
Icfi uiti He US. D^zvHi efi 1 Ql i^gbtfer*. DDU0H Eketo, \4ce Prouirf^ ud CvKliir, Eidefiilu Sef itae, MnnlwiA Sule iJili.efil1v 
Baiemm.NTT W71T_ 



